A bacterial strain designated TNR-2 T was isolated from spring water in Taiwan and characterized using a polyphasic taxonomic approach. Cells of strain TNR-2 T were aerobic, Gram-stain-negative, straight rods, motile by a single polar flagellum and containing polyb-hydroxybutyrate. The cells were covered by large capsules and formed yellow colonies. Growth occurred at 15-37 8C (optimum, 20-30 8C), with 0-1.0 % NaCl (optimum, 0-0.1 %) and at pH 5.0-8.0 (optimum, pH 6.0). According to a phylogenetic tree based on 16S rRNA gene sequence analysis, strain TNR-2 T belonged to the genus Sphingomonas and clustered
The genus Sphingomonas (type species, Sphingomonas paucimobilis) in the family Sphingomonadaceae of the Alphaproteobacteria was proposed by Yabuuchi et al. (1990) and its members have subsequently been reclassified into four genera, namely Sphingomonas, Sphingobium, Novosphingobium and Sphingopyxis (Takeuchi et al., 2001; Yabuuchi et al., 2002) . At the time of writing, the genus comprises 90 recognized species (http://www.bacterio.net/sphingomonas. html). Members of the genus Sphingomonas are characterized as Gram-stain-negative, non-spore-forming, rod-shaped, non-motile or motile, aerobic and chemo-organotrophic, and are characterized chemotaxonomically as having C 18 : 1 , C 16 : 0 and/or C 17 : 1 as the predominant fatty acids and C 14 : 0 2-OH or C 15 : 0 2-OH as the major 2-hydroxy fatty acids, with homospermidine as the major polyamine and Q-10 as the major ubiquinone, by the presence of glycosphingolipids and by DNA G+C contents between 62 and 68 mol% (Yabuuchi et al., 1990; Takeuchi et al., 2001; Chen et al., 2012) . The present study was carried out to clarify the taxonomic position of the Sphingomonas-like bacterial strain TNR-2 T by a polyphasic taxonomic approach.
During the characterization of micro-organisms from a freshwater spring in Maolin township (GPS location: 228 549 130 N 1208 409 590 E; pH 7.5, 25 8C) in Kaoshiung County, Taiwan, a novel bacterium, designated TNR-2 T , was isolated and selected for detailed taxonomic analyses. Strain TNR-2 T was maintained on R2A agar (BD Difco) at 25 8C, and preserved at 280 8C as a suspension in R2A broth containing 20 % (v/v) glycerol or by lyophilization with 20 % (w/v) skimmed milk.
Genomic DNA was isolated by using a bacterial genomic kit and the 16S rRNA gene sequence was analysed as described previously by Chen et al. (2001) . Primers FD1 (59-AGAGTTTGATCCTGGCTCAG-39) and RD1 (59-AAGGAGGTGATCCAGCC-39) were used for amplification of bacterial 16S rRNA genes by PCR (Weisburg et al., 1991; Anzai et al., 1997) . These primers correspond to nucleotide positions 8-27 and 1525-1541, respectively, of the 16S rRNA gene of Escherichia coli, and can be used for amplifying the nearly full-length 16S rRNA gene. The PCR product was purified, and direct sequencing was performed by using sequencing primers FD1, RD1, 520F and 800R (Weisburg et al., 1991; Anzai et al., 1997) with a DNA sequencer (ABI Prism 3730; Applied Biosystems). The sequenced length of the 16S rRNA gene was 1425 bp for strain TNR-2 T , and this gene sequence was compared to those available from EzTaxon-e (Kim et al., 2012) , the Ribosomal Database Project (Cole et al., 2009) and the GenBank database (http://blast.ncbi.nlm.nih.gov/blast.cgi). Analysis of the sequence data was performed by using the software package BioEdit (Hall, 1999) and MEGA version 5 (Tamura et al., 2011) , after multiple alignments of the data by CLUSTAL_X (Thompson et al., 1997) . Distances (corrected according to Kimura's two-parameter model; Kimura, 1983) were calculated and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . Maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Kluge & Farris, 1969) trees were generated by using the treeing algorithms contained in the PHYLIP software package (Felsenstein, 1993) . In each case, bootstrap values were calculated based on 1000 replications.
16S rRNA gene sequence analysis indicated that strain TNR-2 T belonged to the family Sphingomonadaceae of the order Sphingomonadales, class Alphaproteobacteria. Strain TNR-2 T was closely related to the species of the genera Sphingomonas (,95.6 % sequence similarity), Sphingopyxis (,95.5 %), Novosphingobium (,95.2 %) and Sphingobium (,93.9 %). Strain TNR-2 T formed a distinct subline within the genus Sphingomonas within the family Sphingomonadaceae in the neighbour-joining tree (Fig. 1) . The overall topologies of the phylogenetic trees retrieved by the maximumlikelihood and maximum-parsimony tree-making methods were similar. 16S rRNA gene sequence similarity calculations (over 1400 bp) indicated that strain TNR-2 T had the highest sequence similarity to Sphingomonas alpina S8-3 T (95.6 %), whereas it shared only 92.2 % similarity with the type strain of the type species of the genus, Sphingomonas paucimobilis DSM 1098 T .
In this study, Sphingomonas alpina DSM 22537 T and Sphingomonas paucimobilis DSM 1098 T were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) and Sphingomonas changbaiensis NBRC 104936
T was obtained from the NITE Biological Research Center (NBRC). These three type strains were used as reference strains and evaluated together under experimental conditions identical to those used for strain TNR-2 T .
Cell morphology was observed by phase-contrast microscopy (DM 2000; Leica) at the lag, exponential and stationary phases of growth. The Gram Stain Set S kit (BD Difco) and the Ryu non-staining KOH method (Powers, 1995) were used to test the Gram reaction. Flagellar motility was tested using the hanging-drop method and the Spot Test flagella stain (BD Difco) was used for flagellum staining (Beveridge et al., 2007) . The presence of a capsule was assessed by using the Hiss staining method (Murray et al., 1994) . Poly-b-hydroxybutyrate granule accumulation was examined as described by Schlegel et al. (1970) and Spiekermann et al. (1999) . Colony morphology was observed on marine agar using a stereoscopic microscope (SMZ 800; Nikon).
The pH range for growth was determined by measuring the OD 600 of R2A broth cultures. The medium was adjusted prior to sterilization to pH 4-9 (at intervals of 1.0 pH unit) using appropriate biological buffers (Breznak & Costilow, 2007) : citrate/Na 2 HPO 4 buffer, pH 4.0-5.0; phosphate buffer, pH 6.0-7.0; Tris buffer, pH 8.0-9.0. Verification of the pH after autoclaving revealed only minor changes. The temperature range for growth was determined in R2A broth at 4-55 8C. To investigate the tolerance of NaCl, R2A broth was prepared according to the formula of the BD Difco medium with the NaCl concentration adjusted to 0-1.0 % (at intervals of 0.1 %) and 2.0-6.0 % (w/v) (at intervals of 1.0 %). Growth under anaerobic conditions was determined after incubating strain TNR-2 T on R2A agar in the Oxoid AnaeroGen system. T were examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase, urease and lipase (corn oil) and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods (Tindall et al., 2007) . Chitin hydrolysis was assessed on chitinase-detection agar (Wen et al., 2002) and visualized by the formation of clear zones around the colonies. Hydrolysis of CM-cellulose was tested by the method described by Bowman (2000) using R2A agar as the basal medium. Additional biochemical tests were investigated using API ZYM, API 20NE and API 50CH kits (all from bioMérieux). All commercial phenotypic tests were performed according to the manufacturer's recommendations.
Sensitivity to antibiotics of strain TNR-2 T , Sphingomonas alpina DSM 22537 T , Sphingomonas changbaiensis NBRC 104936 T and Sphingomonas paucimobilis DSM 1098 T was tested by the disc-diffusion method after spreading cell suspensions (0.5 McFarland) on R2A agar (BD Difco) plates. The discs (Oxoid) contained the following antibiotics: ampicillin (10 mg), chloramphenicol (30 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), novobiocin (30 mg), rifampicin (5 mg), penicillin G (10 U), streptomycin (10 mg), sulfamethoxazole (23.75 mg) plus trimethoprim (1.25 mg) and tetracycline (30 mg). The effect of antibiotics on cell growth was assessed after 2 days at 30 8C. The diameter of the antibiotic disc was 8 mm; the strain was considered susceptible when the diameter of the inhibition zone was .13 mm, intermediate at 10-12 mm and resistant at ,10 mm, as described by Nokhal & Schlegel (1983) .
The fatty acid profiles of strain TNR-2 T , Sphingomonas alpina DSM 22537 T , Sphingomonas changbaiensis NBRC 104936 T and Sphingomonas paucimobilis DSM 1098 T were determined using cells grown on R2A agar at 30 8C for 3 days. The physiological age of the different bacterial cultures at the time of harvest was standardized by choice of sector from a quadrant streak on the R2A agar plates according to the MIDI protocol (http://www.microbialid. com/PDF/TechNote_101.pdf). In this study, the different strains exhibited very similar growth rates on R2A agar. Fatty acid methyl esters were prepared and separated according to the instructions of the Microbial Identification System (MIDI; Sasser, 1990) , and identified by MIDI version 6.0 and the RTSBA6.00 database. The fatty acid profile of strain TNR-2 T was similar to those of the other three type strains, although there were differences in the proportions of some components ( Sphingomonas alpina S8-3 T (GQ161989)
Sphingomonas changbaiensis V2M44 T (EU682685)

Sphingomonas fonticola TNR-2 T (HF544321)
Sphingomonas jaspsi TDMA-16 T (AB264131)
Sphingomonas kaistensis PB56 T (AY769083)
Sphingomonas rosea PB196 T (AB220121)
Sphingomonas humi PB323 T (AB220146)
Sphingomonas astaxanthinifaciens TDMA-17 T (AB277583)
Sphingosinicella xenopeptidilytica 3-2W4 T (AY950663)
Sphingosinicella microcystinivorans Y2 T (AB084247)
Sphingobium herbicidovorans MBIC 3166 T (AB022428)
Sphingobium quisquiliarum P25 T (EU781657)
Novosphingobium soli CC-TPE-1 T (FJ425737)
Novosphingobium chloroacetimidivorans BUT-14 T (KF676669)
Sphingopyxis alaskensis RB2256 T (CP000356)
Sphingopyxis ummariensis UI2 T (EF424391)
Sphingopyxis witflariensis W-50 T (AJ416410) The isoprenoid quinones of strain TNR-2 T were extracted and purified according to the method of Collins (1994) and analysed by HPLC with a Spherisorb ODS column using methanol/1-chlorobutane (100 : 10, v/v) as the mobile phase (1.5 ml min 21 ). The respiratory quinone was ubiquinone 10 (Q-10). The DNA G+C content of strain TNR-2 T , as determined by HPLC according to Mesbah et al. (1989) , was 62.8¡1.0 mol%, a value within the range reported for strains of the genus Sphingomonas (Yabuuchi et al., 1990 (Yabuuchi et al., , 2002 . Polar lipids were extracted and analysed by twodimensional TLC according to Embley & Wait (1994) . Molybdophosphoric acid was used for the detection of total polar lipids, ninhydrin for amino lipids, Zinzadze reagent for phospholipids, Dragendorff reagent for cholinecontaining lipids and a-naphthol reagent for glycolipids.
Sphingopyxis granuli
Strain TNR-2
T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine, phosphatidylglycerol, phosphatidylcholine, diphosphatidylglycerol, phosphatidylmonomethylethanolamine, sphingoglycolipid, two uncharacterized glycolipids and an uncharacterized phospholipid (Fig. S1, T and analysis was carried out as described by Busse & Auling (1988) and Busse et al. (1997) . Cells were cultivated in R2-PYE broth (l 21 : 0.75 g peptone from casein, 0.75 g yeast extract, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , pH 7.2) at 30 8C for 3 days, homogenized in 0.2 M perchloric acid and centrifuged. Polyamines in the resultant supernatant were treated with dansyl chloride solution (7.5 mg ml 21 in acetone), and analysed by HPLC on a D-7000 instrument (Hitachi) and UV-Vis detector L-7420 (Hitachi). They all had homospermidine as the major polyamine. Strain TNR-2 T contained homospermidine (99.9 %) as the major polyamine and putrescine (0.1 %) as a minor component.
The physiological, biochemical and morphological characteristics of strain TNR-2 T are given in the species description and in Table 2 . Phenotypic examination revealed many traits in common between the novel strain and its closest relatives, Sphingomonas alpina DSM 22537 T ,
Sphingomonas changbaiensis NBRC 104936
T and Sphingomonas paucimobilis DSM 1098 T . However, strain TNR-2 T could be clearly differentiated from these three closest relatives by the presence of a-galactosidase and N-acetylb-glucosaminidase activities, by the absence of a-chymotrypsin activity, by its inability to assimilate glucose, arabinose and malate, by its inability to produce acids from D-galactose and D-fucose and by its resistance to sulfamethoxazole plus trimethoprim (Table 2) .
Strain TNR-2 T is Gram-stain-negative, rod-shaped, motile and aerobic. Growth is chemoheterotrophic and occurs under mesophilic and neutrophilic conditions. Predominant fatty acids are C 18 : 1 v7c, C 17 : 1 v6c and C 16 : 0 and the major T . All data were obtained from this study. All strains were grown on R2A agar at 30 8C for 3 days. For unsaturated fatty acids, the position of the double bond is located by counting from the methyl (v) end of the carbon chain. cis isomers are indicated by the suffix c. Values are percentages of the total fatty acids; fatty acids that made up ,1 % of the total are not shown. -, Not detected. All data are from this study unless indicated. +, Positive; 2, negative; W, weakly positive; S, sensitive; R, resistant. 
2-hydroxy fatty acids are C 14 : 0 2-OH and C 15 : 0 2-OH. The major polyamine is homospermidine. The major ubiquinone is Q-10. Major polar lipids include sphingoglycolipid. The DNA G+C content is 62.8 mol%. These characteristics of strain TNR-2 T are consistent with the description of the genus Sphingomonas (Yabuuchi et al., 1990; Takeuchi et al., 2001; Chen et al., 2012) .
On the basis of the data obtained from 16S rRNA gene sequence comparison, strain TNR-2 T occupies a distinct position within the genus Sphingomonas. This phylogenetic insight is supported by the unique combination of chemotaxonomic and biochemical characteristics of the novel strain. It is clear from the phylogenetic and phenotypic data that strain TNR-2 T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas fonticola sp. nov. is proposed.
Description of Sphingomonas fonticola sp. nov.
Sphingomonas fonticola (fon.ti9co.la. L. masc. n. fons, fontis a spring, fountain; L. suff. -cola from L. masc. or fem. n. incola an inhabitant of a place, a resident; N.L. n. fonticola an inhabitant of a fountain or spring).
Cells are aerobic, Gram-stain-negative, motile by a single polar flagellum, straight and rod-shaped and covered by large capsules. Poly-b-hydroxybutyrate accumulation is observed. After 72h of incubation on R2A agar at 30uC, cells are approximately 0.4-0.6mm in diameter and 2.0-2.5mm long. Colonies are yellow, convex, round and smooth with entire edges. Colonies are approximately 0.5-1.2mm in diameter on R2A agar after 72h of incubation at 30uC. Growth occurs at 15-37uC (optimum, 20-30uC), with 0-1.0% NaCl (optimum, 0-0.1%) and at pH5.0-8.0 (optimum, pH6.0). Oxidase and catalase tests are positive. Positive for hydrolysis of Tweens 20, 40 and 60. Negative for hydrolysis of urea, starch, gelatin, DNA, casein, CM-cellulose, corn oil and Tween 80. In API 20NE tests, positive reactions are observed for aesculin hydrolysis, b-galactosidase activity and assimilation of maltose, and negative reactions are observed for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and urease activities, gelatin hydrolysis and assimilation of glucose, arabinose, mannose, mannitol, N-acetylglucosamine, gluconate, caprate, adipate, malate, citrate and phenylacetate. In the API ZYM kit, alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase activities are present and a-chymotrypsin, b-glucuronidase, amannosidase and a-fucosidase activities are absent. In the API 50CH test system, acids are produced from L-arabinose, D-ribose, D-glucose, N-acetylglucosamine, aesculin, Dlyxose and 5-ketogluconate, and not from glycerol, erythritol, D-arabinose, D-or L-xylose, D-adonitol, methyl b-xyloside, D-galactose, D-fructose, D-mannose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl a-mannoside, methyl a-glucoside, amygdalin, arbutin, salicin, cellobiose, maltose, lactose, melibiose, 'sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, turanose, D-tagatose, D-or L-fucose, D-or L-arabitol, gluconate or 2-ketogluconate. Resistant to streptomycin and sulfamethoxazole plus trimethoprim, and sensitive to rifampicin, chloramphenicol, gentamicin, kanamycin, tetracycline, novobiocin, penicillin G, ampicillin and nalidixic acid. The major fatty acids (w10%) are C 18:1 v7c, C 17:1 v6c and C 16:0 . The polar lipid profile consists of sphingoglycolipid, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylmonomethylethanolamine, phosphatidylcholine, diphosphatidylglycerol, two uncharacterized glycolipids and an uncharacterized phospholipid. The major polyamine is homospermidine. 
